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Abstract 
The 16S-23s ribosomal RNA spacer regions of Acetobacter europaeus DSM 6160, A. xylinum NCIB 11664 and A. xylinum 
CL27 were amplified by PCR. Specific PCR products were obtained from each strain and their nucleotide sequences 
determined. The spacer region of A. europaeus comprises 768 nucleotides (nt), that of A. xylinum 778 nt and that of A. xylinum 
CL27 759 nt. Genes encoding tRNAne and tRNAAIB were identified. Putative antitermination sequences were found between 
the tRNA*‘” sequence and the 5’-terminus of the 23s rRNA coding sequence. The boxA element has the nucleotide sequence 
TGCTCTTTGATA. Based on hybridization data of digested chromosomal DNA with spacer-specific probes, the copy 
number of the rrn operons on the chromosome of Acetobacter strains is estimated to be four. 
Keywords; Acetobacter; Spacer region; tRNA; rm operon; Antitermination 
1. Introduction 
The acetic acid bacteria, composed of the genera 
Acetobacter and Gluconobacter, represent together 
with Rhodopila globiformis, Acidiphih’um and Acido- 
cella a cluster of acidophilic bacteria with a distinct 
line of descent in the a-subclass of Proteobacteria 
[1,2]. The very closely related species A. europaeus 
and A. xylinum share a 99.6% 16s rRNA sequence 
similarity. The separate species status of these two 
organisms is based on DNA-DNA hybridization 
data and phenotypic differences such as the absolute 
requirement of acetic acid for the growth of A. euro- 
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paeus [3]. A. europaeus strains have been isolated 
from industrial submerged vinegar fermentations 
carried out in acetators and trickle generators in 
Europe [4]. They are responsible for the production 
of vinegar with high acidity (7-14% acetic acid). A. 
xylinum is the archetype for the study of cellulose 
biogenesis [5,6]. Some strains of A. xylinum are com- 
ponents of the tea fungus producing the acidic kom- 
bucha beverage [7,8]. The ability of cellulose bio- 
synthesis is often lost during cultivation of A. 
europaeus. In cider and wine vinegar production 
with acetic acid concentrations lower than lo%, A. 
xylinum cells can contaminate the vinegar plant via 
the substrate and cause fermentation problems due 
to their strong production of slime consisting of cel- 
lulose and acetan. 
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A.xyl AGTTGGAGTATTGCATGCTAGATTGGGGCGGATGCGTTTG 
A.xyc AGCCGGAGTAT-CCATGCTAAGTGACGGAGGCGTAACGGTTCATAAGCGAGTTGTGCG 
A.eur ATGCAC-TGCACTT--CTC-----TGTGCGGGTGTTGTTG- 
A.xyl -TGCTGATGCACTGCACTTTCTTATGTGCGGGGCGTTGTTGCTCGATCT~GGTTCCTTGCCTGAGT~T 
A.xyc ATGCAC-TGCACTTT-CTC-----TGTGCGGGTGTGTTGTTGCTCGATCTGCC~TTATCTGACT~----- 
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~GGCTGCATTTATGCGGTTCAT~G~CATGCA----CTGATGGGGGCGTAGCTCAGCTGGGAGAGCACCT 
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GCTTTGCAAGCAGGGGGTCGTCGGTTCGATCCCGTCCGCCTCCACC~TGACTGGTGTCGAGAG~TAGG 
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A.eur ---------------TGGCTTGAGTGGATGGCTCCTGTGCATGTGT~GC TGAGCGCGATAAGGGCAT 
A.xyl CAGGTATTGAAATGCTGGCTTGAGTGGATGGCTCCTGTGCATGTGTGGGC TGAGCGCGATAAGGGCAT 
A.xyc f ---------------TGGCTTGAGTGGATGGCTCCTGTGCATGTGTGGGC TGAGCGCGATAAGGGCAT 
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Fig. 1. Nucleotide sequence alignment of the 16S-23s spacer region of Acetobacter europaeus DSM 6160 (A.eur), A. xyhum NCIB 11664 
(A.xyl) and A. xylinum CL 27 (A.xyc). DNA nucleotides corresponding to 16s and 23s rRNA genes, tRNAne and tRNA*‘& genes, spaxyl 
oligonucleotide probe and boxB-boxA elements are indicated. Inverted repeats are indicated by arrows under the nucleotides. 
t 
Ribosomal RNA molecules are powerful tools for 
the construction of phylogenetic trees and for the 
design of specific DNA and RNA probes for rapid 
identification of bacteria [9,10]. 16S-23s rRNA inter- 
genie spacer regions are involved in the processing of 
ribosomal RNA transcripts by specific RNases [l l] 
and promote antitermination of rRNA transcription 
1121. 
In this study, the 16S-23s spacer regions of A. 
europaeus DSM 6160, A. xyknum NCIB 11664 and 
A. xylinum CL27 were sequenced. Based on these 
nucleotide sequences the type and structure of 
tRNA genes and antitermination sequences were de- 
termined, additionally, the number of distinct rRNA 
operons on the chromosomes were estimated. 
2. Material and methods 
2.1. Bacterial strains 
A. europaeus DSM 6160 was cultivated in a me- 
dium containing 0.2% yeast extract, 0.3% peptone, 
0.5% glucose, 3.0% acetic acid and 3.0% ethanol. 
A. xylinum NCIB 11664 and A. xylinum CL27 were 
grown in a medium containing 5.0% glucose, 1.0% 
yeast extract and 1.0% CaCOs. Cultivation was at 
30°C on a rotatory shaker to the late exponential 
phase. A. europaeus was isolated from a submerged 
vinegar fermentation process [4], A. xylinum NCIB 
11664 was obtained from the LMG culture collection 
(Gent, Belgium) and A. xylinum CL27 was isolated 
from a tea fungus fermentation [S]. 
2.2. Identtjication methods 
Biochemical and physiological characteristics were 
investigated as reported previously [4]. 
2.3. In vitro ampkjication and cloning of the 16S-23s 
intergenic spacer region 
PCR was performed as described by Both et al. 
[13]. Primers used for amplification of the spacer 
region were Al 6 : 5’-TTGCATGGATCCTGCGG- 
CTGGATCACCTCC-3’ and B23 : 5’-GAATCAG- 
GATCCGAATGCCCTTATCGCGCTC-3’. The 
primers contain BamHI recognition sites to facilitate 
subsequent ligation with the vector pUC18. After 
initial denaturation of the DNA, reaction conditions 
were: 92°C for 1 min, 57°C for 2 min, 72°C for 2 
min with 35 cycles. The vector pUC18 was used as 
vehicle for cloning of the purified spacer fragments. 
The DNA was transferred into E. coli XLl-Blue 
(Stratagene, La Jolla, CA) by electro-transformation. 
The recombinant DNA was extracted and purified 
by gradient centrifugation [ 141. 
2.4. Sequencing 
The nucleotide sequence of the cloned spacer re- 
gion was determined by applying the chain termina- 
tion method using the Sequenase version 2.0 DNA 
sequencing kit (US Biochemicals) in combination 
with [a-35S]dATP. The spacer sequences were ob- 
tained by the use of specific pUC primers (reverse 
primer and -40 primer) and by the strategy of prim- 
er walking. 
2.5. DNA-DNA hybridization 
Digested DNA of A. xylinum CL27 was trans- 
ferred from 0.8% agarose gels to positively charged 
nylon membranes by vacuum blotting. The [cz-~~P]- 
dATP labelled spacer PCR fragment of A. xylinum 
CL27 was used as hybridization probe. The hybrid- 
ization was carried out at 65°C under stringent con- 
ditions. An oligonucleotide probe, named spaxyl, 
with the sequence GGCTGCATTTATGCGGTT- 
CATAAGG derived from the spacer sequence of 
the chromosome of A. xylinum CL27 was [Y-~~P]- 
dATP labelled with T4 polynucleotide kinase and 
the hybridization was carried out at 48°C under op- 
timal conditions (T,-26°C). Southern hybridiza- 
tion was performed as described by Sambrook et al. 
u41. 
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2.6. Nucleotide sequence accession number 
The nucleotide sequences of the 16S-23s intergenic 
spacer regions of A. europaeus DSM 6160, A. xyli- 
num NCIB 11664 and A. xylinum CL27 have been 
deposited with EMBL (Cambridge, UK) under the 
accession numbers X85406, X85405 and X85726, re- 
spectively. 
3. Results 
3.1. Sequences and general features of the spacer 
region 
The 16S-23s intergenic spacer regions from A. 
europaeus DSM 6160, A. xylinum NCIB 11664 and 
A. xylinum CL27 were amplified and their nucleotide 
sequences were determined. The first primer Al6 
used for PCR is complementary to E. coli 16s 
rRNA sequence positions 1520-1539 and primer 
B23 is complementary to E. coli 23s rRNA sequence 
positions 3-24. The resulting PCR products of the 
three strains were analyzed on a 0.8% (w/v) agarose 
gel. One distinct band, corresponding to 802 bp in 
length for A. europaeus DSM 6160, 8 12 bp for A. 
xylinum NCIB 11664 and 793 bp for A. xylinum 
CL27 was identified after amplification. Enzymatic 
restriction of the single PCR fragment revealed PvuII 
fragments in the size of 300 and 500 bp for A. euro- 
paeus, 250 and 550 bp Hue111 fragments for A. xyli- 
num and 300 and 500 bp EcoRV fragments for A. 
xylinum CL27, respectively. In each case the sum of 
the restriction fragments adds up to the size of the 
original PCR fragment. The spacer regions of A. 
europaeus and A. xylinum contain no recognition 
site for EcoRV. 
The alignment of DNA sequences of the 16S-23s 
intergenic spacer regions of the three strains is shown 
in Fig. 1. The spacer region of A. europaeus com- 
prises 768 nt, of A. xylinum 778 nt and of A. xylinum 
CL27 759 nt. Comparison between these three se- 
quences shows different stretches of conserved, vari- 
able and hypervariable character. Two regions in 
each spacer sequence were homologous to tRNA 
genes. 77 nucleotides from the sequences that span 
positions 182-258 in our coordinates are coincident 
with those of tRNA”’ and 76 nucleotides that span 
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Fig. 2. Secondary structure of the sequences coding for tRNA 
Isoleucin (Ile) and Alanin (Ala) molecules in the 16S-23s spacer 
regions of Acetobacter europeus and A. xylinum. Nucleotides 
that correspond to anticodons are framed. The noncanonical 
T:G and T:T base pairs are marked by dots. 
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Fig. 3. Southern hybridization of Acetobacter xylinum CL27 
DNA digested with: lane 1, PvuI; lane 2, MU; lane 3, Ad; 
lane 4, ClaIIMluI; lane 5, PvuIIMluI; lane 6, HpaI. Fragmented 
DNA was resolved by agarose gel electrophoresis and transferred 
to Nylon membranes. Hybridization of transferred DNA with 
the (a-32P)-labelled PCR fragment of the 16S-23s spacer region 
of A. xylinum CL27 is shown on lanes l’-5’. Hybridization with 
the (y-32P)-labelled spaxyl oligonucleotide probe is shown on lane 
6’. 
positions 323-397 correspond to tRNA*‘“. The 
tRNA”” and tRNA*‘” sequences are identical in all 
strains. They are separated by 42 nt in A. europaeus, 
by 60 nt in A. xylinum and by 60 nt in A. xylinum 
CL27. Fig. 2 shows the proposed secondary structure 
models of tRNA”” and tRNA*l* derived from the 
corresponding sequences in the investigated spacer 
regions. The D-arm of tRNAse consists of four 
base pairs and eight nucleotides forming a loop. 
The TYC-arm of tRNAse consists of four base pairs 
and seven nucleotides forming a loop. The tRNAAla 
D-arm contains four base pairs and eight nucleotides 
forming a loop, the TYC-arm of the molecule con- 
sists of five base pairs with one noncanonical pair 
(T:T) and seven nucleotides forming a loop. 
To determine the copy number of the spacer re- 
gions in the chromosomes of the investigated Aceto- 
batter strains, we carried out Southern hybridization 
analyses with restriction digests of chromosomal 
DNA of A. xylinum CL27 using the homologous 
PCR fragment as a probe. Based on single digests 
with PvuI, MluI, AccI and with double digests of 
ClaIIMZuI as well as PvuIlMluI, four distinct bands 
were obtained for each restriction digest on the cor- 
responding autoradiogram of the Southern hybridi- 
zation (Fig. 3). Since the restriction enzymes used in 
this study do not cut in the PCR fragment, the copy 
number of the spacer region is estimated to be four. 
This finding is supported by a hybridization analysis 
with an oligonucleotide probe, named spaxyl, de- 
rived from the spacer region of A. xylinum CL27 
(Fig. 1). Single digestion with the restriction enzyme 
HpaI of the genomic DNA of this strain results in 
four bands on the corresponding autoradiogram 
after hybridization with the spaxyl probe (Fig. 3, 
lanes 6 and 6’). Four equally distinct bands also 
appeared on the corresponding autoradiogram by 
hybridization of digested chromosomal DNA 
(BstEII and MU) of A. xylinum NCIB 11664 with 
the homologous PCR fragment. Analogous hybridi- 
zation data were obtained with BclI- and BamHIl 
HindIII-digested chromosomal DNA of A. euro- 
paeus. 
4. Discussion 
To prevent premature transcription, rRNA oper- PCR of the 16s and 23s RNA intergenic spacer 
ons usually are equipped with antitermination ele- region from the chromosomal DNA of A. europaeus 
ments. Downstream from the tRNA*‘& gene a DSM 6160, A. xylinum NCIB 11664 and A. xylinum 
boxA with the nucleotide sequence TGCTCTTTGA- CL27 produced one precise amplification product for 
TA and a putative boxB consisting of 30 nucleotides each strain. Sequences coding for tRNAne and 
with short inverted repeats are present in the spacer tRNA*‘” were detected in the spacer regions. Each 
region of the investigated strains (Fig. 1). Compar- type of tRNA is identical in the three strains. Se- 
ison between the boxA and boxB elements present in quence homology of the tRNA genes in the spacer 
A. europaeus and A. xylinum revealed identical nu- region between Acetobacter and E. co/i [15], Rhodo- 
cleotide sequences. No promotor sequences upstream batter sphaeroides [16], Thiobacillus ferrooxidans [ 171, 
from the boxA and boxB elements were found in the Bacillus subtilis [18] and Acholeplasma laidlawii [19] 
spacer region of the investigated Acetobacter strains 
by computational analysis. 
3.2. Copy number of the spacer regions 
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is 84.0, 87.0, 83.3, 85.7 and 87.0X, respectively for 
tRNA1te and 82.9, 90.8, 86.8, 85.5 and 82.7%, respec- 
tively for tRNA*‘“. Sequence comparison of the 
tRNA genes between different members of the do- 
main Bacteria clearly demonstrates the functional 
conservation of these molecules. Transcription of 
one of the seven noncontiguous ribosomal rRNA 
operons (rrn A-E and rrn G-H) from E. coli pro- 
ceeds as a 30s precursor rRNA. Antitermination 
systems in ribosomal RNA genes play a necessary 
role in avoiding premature termination of the tran- 
scription product [ 121. Antitermination elements 
have been detected in regions upstream of 16s genes 
as well as in 16S-23s spacer regions. The spacer ele- 
ment, boxA, of the antitermination system is a con- 
served sequence (TGCTCTTTAACA), while the 
leader element, boxB, is a highly variable sequence 
[12]. The boxA element we found has two mis- 
matches with the consensus sequence. The putative 
boxB element in the spacer region of Acetobacter is 
proposed to form a stem-loop structure with the in- 
verted repeats consisting of five nucleotides. 
Based on the results from the hybridization data 
with single and double restriction digests, we propose 
that four copies of the spacer region are present on 
the chromosome of A. xylinum and A. europaeus. 
From the PCR amplification and restriction enzyme 
profile we concluded that the sequences of the spacer 
regions of the four ribosomal RNA operons present 
within one Acetobacter strain are identical. 
Differences in the nucleotide sequence of the 
spacer region and 23s rRNA enable the development 
of specific DNA probes for discrimination between 
A. europaeus and A. xylinum strains on the DNA 
level. 
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